In order to detect the incidence, pathogenicity and antibiogram of paratyphoid, this study was carried out on 147 pigeons suspected to be suffering from paratyphoid infections collected from different localities in Assiut province (Upper Egypt) and subjected to post-mortem and bacteriological examinations. The results revealed that eighteen Salmonella strains were isolated. The results of serological identification represented in three serotypes; Salmonella Typhimurium (12 strains), Salmonella Enteritidis (5 strains) and Salmonella Muenster (one strain) in a percentage of 66.6%, 27.7%, and 5.55% respectively. The isolation of Salmonella Muenster is recorded for the first time from pigeons in Egypt.The incidence of Salmonella isolation was 12.24 % in Assiut Governorate. Results of in-vitro sensitivity test of the isolated Salmonella strains to various chemotherapeutic agents indicated that all of the isolated strains of Salmonella were sensitive to amikacin, levofloxacin, and norfloxacin and showed a variable sensitivity to the other tested drugs, while the most of strains were completely resistant against doxycycline and kanamycin. The pathogenicity of Salmonella strains was studied in 45 day-old pigeons. The results revealed that all the three examined Salmonella serotypes were pathogenic to the experimentally infected birds with mortality rates 70%, 60%, and 30% for SalmonellaTyphimurium, Salmonella Enteritidis and Salmonella Muenster respectively. The clinical signs and necropsy findings were typical for paratyphoid. Periodical monitoring of incidence, antibiogram and pathogenicity is crucial for effective control measures.
INTRODUCTION
Salmonellae are one of the most important leading pathogens of food-borne illness throughout the world that pose a significant health hazard to human. Infected poultry are the most frequently incriminated reservoirs of salmonellae that can be transmitted through the food to humans (Clavijoet al., 2006 and Humphrey, 2006) . Egypt is the top producer of pigeon meat, with Syria, (Taha, 2003) . Since Pigeons (Columba livia) are widely found in urban and rural areas in Assiut-Egypt, and come in close contact with other birds and humans that has raised public health concerns as well as dangers for transmitting salmonellae and their antimicrobial resistance strains among poultry species that may represents warns for economic losses (Mohamed, 2008) .
Constituting a common major devastating bacterial disease affecting pigeons is paratyphoid leading to Up to 20%-30% of mortalities that can occur in young ages of pigeons as well as adult birds when their resistance is lowered. This disease is not only responsible for high mortality but also as debilitating factor on the birds in all ages which increases their susceptibility to other diseases and reduces their fertility and hatchability. Even if they do hatch, the squabs become weak and often die in a short-time (Tudor, 1991) Periodic and up to date monitoring of paratyphoid isolates to detect the virulence, pathogenicity and antimicrobial resistance patterns is essential for any disease control program to be effective. Therefore, this study is aiming to monitor the incidence of paratyphiod salmonellae among pigeon flocks and to detect pathogenicity and the antibiogram of the isolated Salmonella strains to different antimicrobial agents available in the field.
MATERIALS AND METHODS

Isolation of Salmonellae from the Examined Samples
A total of 147 freshly dead and sacrificed pigeons suspected to be suffering from paratyphoid infections aged from 1.5 month to 3 years old were collected from different localities at Assiut province, and subjected to postmortem and bacteriological examination; Loopfuls and / or portions from heart blood, lung, intestine, liver, spleen and ovary if present were taken under complete aseptic conditions. All samples were immediately examined bacteriologically. The bacteriological examination was carried out according to (ISO 6579/2002).
Identification of the Isolates
Morphological Characterization
Gram's stain method was used for morphological identification (Quinn et al., 2002).
Biochemical Identification
Presumptive Salmonella colonies from each selective agar plates were cultured ontoTriple sugar iron agar (TSI) slants, Lysine iron agar slant (LI) and Urea agar slants. Suspected Salmonella colonies that gave typical reaction of Salmonella on TSI agar slant and lysine iron agar slant and were urease negative were checked for purity by sub-culturing onto MacConkey's agar plates and then transferred to nutrient agar slants (Salehiet al., 2005; and Begum et al., 2010).
2.2.3.
Primers used for targeting the invAgene of Salmonella to confirm the isolated colonies. 
Serological Identification
Isolates that were positive to invA gene were subjected to serological identification according to Kauffman white scheme (Kauffman, 1974) by using rapid diagnostic Salmonella antisera sets (Denka Seiken Company, Ltd, Japan).
Determination of O (somatic) Antigens:
Separate O antisera were applied to determine the group of the Salmonella isolates.
Determination of H (flagella) Antigens:
Polyvalent H antisera for both phase I and phase II were tried in order to determine the complete antigenic formula of the isolates.
In Vitro Sensitivity Test
The sensitivity of the isolates was assessed using 11  Squabs of all groups were fed on commercial ration and kept under daily observation and under strict isolation for one month.
 The incubation period, Symptoms appeared on the infected squabs and mortality rate in each group were recorded and samples from internal organs of dead squabs in all groups during the experimental period were cultured for bacteriological isolation of Salmonella.
 At the end of the experiment, live birds were slaughtered and examined for bacteriological isolation of Salmonella.
RESULTS
Incidence of Paratyphoid Salmonellae in Pigeons
Isolation and Identification of the Suspected Strains
Salmonella was isolated in pure culture from internal organs of examined dead and sacrificed pigeons.18 samples out of 147 samples were suspected to be positive for the presence of salmonella organisms with a percentage of isolation was 12.24 % in Assiut Governorate after morphological and biochemical identification.
Detection of Salmonella species in culture using PCR
All examined Salmonella strains were positive for the presence of invAgene as shown in fig.1 .
Serological Identification
Results are shown in fig. (2) . All of the Salmonella tested isolates belonged to SalmonellaTyphimurium, SalmonellaEnteritidis
and SalmonellaMuenster with the frequency of (66.6%) for SalmonellaTyphimurium species, (27.7%) for SalmonellaEnteritidis species and (5.55%) for SalmonellaMuenster species.
Antimicrobial Sensitivity Testing (Antibiogram) of Salmonella Isolates from Pigeons
As shown in fig. 3 SalmonellaTyphimurium strains were completely sensitive (100%) to Amikacin and levofloxacin and had a variable sensitivity to Azithromycin (75%), Norfloxacin (58.34%) and
Gentamycin ( All strains of SalmonellaEnteritidis were completely sensitive (100%) to Amikacin, levofloxacin and Norfloxacin, and had a variable sensitivity to Azithromycin (80%) and Ceftriaxone (40%).S. Enteritidis strains had intermediate sensitivity to Ciprofloxacin (60%) and Cefotaxime (40%). While showed a variable degree of resistance to Kanamycin (100%), Doxycycline (80%), Gentamycin (80%), Cefotaxime (60%), Ceftriaxone (60%) and Ceftizoxime (60%).
Salmonella Muenster(one strain)was sensitive to Amikacin, levofloxacin, Azithromycin and Ceftriaxone and showed intermediate sensitivity to Cefotaxime, Gentamycin, Ceftizoxime and Doxycycline while showed resistance to Norfloxacin, Kanamycin and Ciprofloxacin.
Figure3:
The antibiotic sensitivity percentage of Salmonella Typhimurium and SalmonellaEnteritidis isolated from pigeons.
Pathogenicity of the Isolated Salmonella Strains in 45-Days Old Squabs
Incubation Period: The incubation period varied from 4 to 6 days for SalmonellaMuenster, Salmonella Typhimurium and Salmonella Enteritidis respectively. (Table 3 ).
Clinical Signs:
The noticed clinical signs in infected squabs with S. Typhimurium, S. Enteritidis and Salmonella Muenster were loss of appetite, emaciation, thirsty, ruffled feathers, dullness, greenish diarrhea, pasty vent, huddling together, drooped wings, lameness and later on emaciation was observed ( fig. 4 ). 
Post-Mortem Changes:
The post-mortem findings were congestion of liver, heart blood vessels and kidneys, catarrhal to severe haemorrhagic enteritis with enlargement of the liver. Greenish-brown and Bronzy discoloration of the liver (Fig. 5 ) in some cases was also observed. In advanced stage of infection appeared pale areas of focal necrosis on the liver surface, fibrinousperihepatitis and pericarditis ranged from mild to severe form were also observed 
DISCUSSION
Although paratyphoid disease is well known since 19th century as investigated by Moore (1895) paratyphoid infection is still Until now constitute one of the most important serious diseases of economic and zoonotic importance facing veterinarians in the field of pigeon diseases. The disease is responsible for severe losses due to lowering of fertility and hatchability. High mortalities in young ages which reach to 30%, in addition to the chronically diseased birds act as a hazard to the other species of birds as well as to human being.
Until now there are few available information concerning the incidence of paratyphoid infections in pigeons in Upper Egypt. Therefore. The present study is dedicated to elaborate some aspects of paratyphoid infections in pigeons in Assiut governorate. The tools used in this investigation were studying the Incidence of paratyphoid infections in pigeons, Isolation and identification of the etiological agents, Molecular typing of the isolated Salmonella strains by using Polymerase Chain Reaction (PCR) technique, Studying the antibiogram of the isolated Salmonella strains to different antimicrobial agents available in the field as well as Studying the pathogenicity of the isolated Salmonella serotypes in 45 days old pigeon squabs.
The Incidence of paratyphoid infections among dead or sacrificed pigeons was investigated by collecting of 147 diseased birds suspected to be infected with Salmonella from different localities in Assiut province; these samples were subjected to post-mortem and bacteriological examinations.
The results of isolation showed that out of 147 freshly dead and sacrificed pigeons taken from different localities in assiut province only 18
isolates with an incidence of (12.24%). Our finding is nearly the same as El-Shater (1979) who reported an incidence of 12.4%.
Our finding is less than that observed by other investigators as Ahmed and El-Sisi (1965), , Javedet al., (1994), Akbarmehr (2010) ,  Rahman et al., (2011) and Hosainet al., (2012 Yun et al. (2003) who isolated S. Montevideo as the most frequent serotype (16 strains), followed by 3 strains of S. Typhimurium. This may be attributed to uneven distribution of serotypes among countries, or to phenomenon commonly appeared around genus Salmonella which one serovar may be predominant for a number of years before it replaced by another serovar Jordan and pattison (1996) and Wray et al., (1996) .
In this study we recorded the presence of invAgene in all examined samples as we examined seven representative samples taken from the all isolated strains (18 strains) belonged to SalmonellaTyphimurium (4 strains), SalmonellaEnteritidis (2 strains), and Salmonella Muenster (one strain) and all examined strains were positive for the presence of invA gene with 100% sensitivity and 100% specificity, the size of amplified product was 284bp (figure 2). Similar findings have been described by (Guoet al., 1999; Ferretti et al.,  2001 and Schneider et al., 2002) . Antibiotics are considered one of the most important drugs nowadays used for animals and poultry not only from curative point but also from nutritional point. Strains of bacteria resistant to antibiotics emerge, even under controlled use of antibiotics claudet al., (1985) .
Recently multi-drug resistant (MDR) strains have emerged, presumably due to the extensive use of antimicrobial agents both in human and animals. In veterinary practice, antibiotics are used in livestock production, disease prevention and as growth-promoting feed additives (Swartz, 2002) . The use of antibiotics in animals disrupts normal flora of intestine, resulting in to emergence of antibiotic-resistant Salmonellae and their prolonged faecal shedding into the environment (Threlfall, 2002).So the in vitro drug sensitivity test against bacterial isolates was done for selection of effective therapeutic measures and control (Rahman et  al., 2004) . Periodic monitoring of Salmonella isolates to detect the drug resistance is recommended for revising the list of antimicrobial agents commonly used in poultry, so in a trial to test the different antimicrobial agents sensitivity against SalmonellaTyphimurium, Salmonella Enteritidis and Salmonella Muenster strains isolated from pigeons.the results revealed that all strains of Salmonella Muenster (one strain) was sensitive to Amikacin, levofloxacin, Azithromycin and Ceftriaxone and showed intermediate sensitivity to Cefotaxime, Gentamycin, Ceftizoxime and Doxycycline while showed resistance to Norfloxacin, Kanamycin and Ciprofloxacin.
In contrast of our results Selvarajet al., 2010 found high sensitivity of Salmonella isolates to kanamycin while he found high resistance against cefotaxime.
In this work, variations in resistance pattern among isolates of the same serotypes may be due to obtaining samples from different sites Mohamed (1999).
We can concluded from aforementioned results that Salmonella strains formed a various degree of resistance to most classical antibiotics, except drugs belonged to new generations of antimicrobial agents as fluoroquinolones and cephalosporins groups. So there has been a grown concern about Salmonella pathogens developing resistance to drugs which of very important value in explanation of drug treatment failure. Initially we observed that this problem of bacterial resistance can be solved by the application of new classes of drugs and at the same time the administration of therapeutic agents must not be described until sensitivity test firstly done. Mohamed (1999).
The purpose of experimental study was designed to describe the nature and sequential development of lesions on Salmonella infected pigeons and to determine the mortality rates.
The results of this experiment showed that SalmonellaTyphimurium, Salmonella Muenster and SalmonellaEnteritidis were pathogenic for 45-day-old squabs. The mortality rate was 70%, 60% and 30% for SalmonellaTyphimurium, Salmonella Muenster and Salmonella Enteritidis respectively and SalmonellaTyphimurium was highly pathogenic to the pigeon squabs ( Table  2 ). Mortalities started after 24-48 hours from the onset of clinical signs, reach peak at 3rd week and then gradually decreased. This finding may be supported by El-shater (1979) and Mohamed (1999) and on the other hand disagree with those described byUyttebroeket al., (1990), this may be due to the unsatisfactory conditions in their experiment. Mohamed (1999).
From the previously presented results, it is clear that there is variation in the virulence between SalmonellaTyphimurium, Salmonella Muenster and SalmonellaEnteritidis serotypes. These results are in agreement with those reported by Edwards et al., (1948) who recorded that Salmonella Typhimurium produced the highest percentage of deaths among experimentally infected chicks and El-shater (1979) who recorded the highest mortalities at the third week of infection and it varied from 10%-100% according to the serotype inoculated. Also our results are in agreement with those reported by Mohamed (1999) and Mohamed (2008) who reported a variation in the virulence between the different Salmonella serotypes examined in the experimental infection.
Experimental infection with Salmonella
Typhimurium, Salmonella Muenster and SalmonellaEnteritidis to 45 day-old squabs resulted in more or less similar clinical signs characterized by loss of appetite, emaciation, thirsty, ruffled feathers, inclination to move , dullness, watery to mucoid greenish diarrhea, pasty vent, huddling together, drooped wings (figure 4), lameness and later on emaciation was observed. These clinical signs started to appear from 4th to 6th day post-infection. The clinical signs and their pattern of appearance is in agreement with those reported by other workers for experimental infection El-shater (1979), Uyttebroeket al., (1990), Mohamed (1999) and Mohamed (2008).
CONCLUSION
Paratyphoid Salmonella spp. are prevailing in pigeon farms at the study areas. The farms should be checked at regular intervals to know the status of Salmonella infection and the positive reactors should be eradicated, and biosecurity plan of the farms should be improved accordingly. In-vitro sensitivity test indicated that the isolates were sensitive toAmikacin, levofloxacin, norfloxacin and azithromycin. Multi-drug resistant (MDR) strains have emerged, due to the extensive use of antimicrobial agents both in human and animals so Periodic monitoring of Salmonella isolates to detect the drug resistance is recommended for revising the list of antimicrobial agents commonly used in poultry. The pathogenicity revealed that the examined strains of Salmonella Typhimurium, Salmonella Enteritidis and Salmonella Muenster proved highly pathogenic for pigeons causing considerable economic loss as a result of reduced body weight gain and high mortality.
